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OBJECTIVE: Transmural myocardial ischemia induces changes in QRS complex and QT interval duration
but, theoretically, these changes might not occur in acute pericarditis provided that the injury is not
transmural. This study aims to assess whether QRS and QT duration permit distinguishing acute pericarditis
and acute transmural myocardial ischemia.
METHODS: Clinical records and 12-lead electrocardiogram (ECG) at 2 magniﬁcation were analyzed in 79
patients with acute pericarditis and in 71 with acute ST-segment elevation myocardial infarction (STEMI).
RESULTS: ECG leads with maximal ST-segment elevation showed longer QRS complex and shorter QT
interval than leads with isoelectric ST segment in patients with STEMI (QRS: 85.9  13.6 ms vs 81.3 
10.4 ms, P ¼ .01; QT: 364.4  38.6 vs 370.9  37.0 ms, P ¼ .04), but not in patients with pericarditis
(QRS: 81.5  12.5 ms vs 81.0  7.9 ms, P ¼ .69; QT: 347.9  32.4 vs 347.3  35.1 ms, P ¼ .83). QT
interval dispersion among the 12-ECG leads was greater in STEMI than in patients with pericarditis (69.8 
20.8 ms vs 50.6  20.2 ms, P <.001). The diagnostic yield of classical ECG criteria (PR deviation and J
point level in lead aVR and the number of leads with ST-segment elevation, ST-segment depression, and
PR-segment depression) increased signiﬁcantly (P ¼ .012) when the QRS and QT changes were added to
the diagnostic algorithm.
CONCLUSIONS: Patients with acute STEMI, but not those with acute pericarditis, show prolongation of QRS
complex and shortening of QT interval in ECG leads with ST-segment elevation. These new ﬁndings may
improve the differential diagnostic yield of the classical ECG criteria.
 2014 The Authors. Published by Elsevier Inc.
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Open access under CC BYThe characteristic electrocardiogram (ECG) ﬁndings in
patients with acute pericarditis are a diffuse elevation of the
ST segment and an upright deviation of the PR segment
with ST-segment depression in lead aVR.1-3 By contrast, in
patients with acute transmural myocardial ischemia, the
ST-segment elevation is limited to the ECG leads overlying
the ischemic region, and this is often associated with
reciprocal ST-segment depression in leads related to distant
nonischemic regions.4 In a proportion of patients with acute
pericarditis, the ECG ﬁndings are not fully characteristic,5,6
and these patients eventually are referred to emergent
coronary angiography7,8 to rule out ongoing myocardial
ischemia. Thus, development of robust ECG patterns will-NC-ND license.
234 The American Journal of Medicine, Vol 127, No 3, March 2014contribute to better differentiating acute pericarditis and
acute transmural myocardial ischemia.
Changes in QRS complex and QT interval duration occur
in the presence of acute myocardial ischemia, but these ECG
ﬁndings have not yet been applied to the current clinical
diagnostic algorithm of acute pericarditis and acuteCLINICAL SIGNIFICANCE
 QRS complex widening and QT interval
shortening in leads with ST-segment
elevation occur in patients with acute
ST-segment elevation myocardial
infarction (STEMI), but not in those with
acute pericarditis.
 These new electrocardiogram criteria
may improve the differential diagnosis
of pericarditis and STEMI when added to
the classical criteria based on the pat-
terns of ST-segment and PR-interval
deviations.myocardial infarction. Transmural
myocardial ischemia slows the
propagation of local activation
front. This results in prolongation
of the QRS complex duration and
enlargement of the R-wave am-
plitude in local electrograms as
well as in ECG leads overlying
the ischemic region (monophasic
potentials).9 Because myocardial
injury in patients with acute peri-
carditis is restricted mainly to the
epicardium, no local transmural
conduction delay and hence, theo-
retically, no widening of the QRS
complex should occur. Indeed, in
a porcine model of potassium-
induced local epicardial depolari-
zation mimicking acute pericardial
injury, we have veriﬁed that leads showing potassium-
induced ST-segment elevation do not present widening of
the QRS complex. By contrast, coronary occlusion in the
same animal model induced local conduction slowing and
QRS widening in leads depicting ischemia-induced ST-
segment elevation.10 These ﬁndings support the concept
that changes in QRS duration in leads with ST-segment
elevation could help differentiating epicardial and trans-
mural injury.
Moreover, patients with acute transmural myocardial
infarction show initial QT shortening in leads with ST-
segment elevation and late QT prolongation in the same
leads 24-48 hours after the onset of infarction.11 In patients
with pericarditis, the injury is not transmural and it is
conceivable that in this clinical condition, no changes in QT
interval length will be detected in leads with ST-segment
elevation.
In this study we tested the hypothesis that changes in the
duration of QRS complex and QT interval will improve the
accuracy of the ECG to distinguish acute pericarditis and
ST-segment elevation myocardial infarction (STEMI).
MATERIALS AND METHODS
Study Population
This is a multicentric case-control study on 150 patients
with acute chest pain associated with ST-segment elevation
on the admission ECG, recruited in 4 tertiary hospitals from
April 2007 to June 2010. Seventy-nine patients had acute
pericarditis and 71 presented with STEMI secondary to
acute occlusion of the right (n ¼ 43), left anterior
descending (n ¼ 28), or circumﬂex (n ¼ 10) coronaryarteries. In all cases of the STEMI group, the infarct-related
coronary artery was the only vessel presenting signiﬁcant
lumen stenosis.
All patients included in the pericarditis group presented
with acute chest pain, mainly central with pleuritic charac-
teristics (sharp, respirophasic, worsens on recumbency)associated with acute ST-segment
changes. A portion of these
patients presented with elevated
cardiac biomarkers with no regional
left ventricular wall motion abnor-
malities on the echocardiogram. In
these cases, the presence of myo-
pericarditis was suspected and in
some of them, a coronary angiog-
raphy was performed to rule out
STEMI. The diagnosis of STEMI
was based on typical chest pain
associated with ST-segment eleva-
tion and increased plasma levels
of myocardial biomarkers. In all
STEMI cases, the presence and
location of acute coronary occlu-
sion was documented by emergent
coronary angiography.Exclusion criteria to enter in the study were:
 prior Q-wave myocardial infarction;
 secondary alterations of QRS/ST segment caused by
bundle branch block, ventricular pre-excitation
syndromes, or cardiac pacing;
 patients recovered from sudden death;
 prolongation of the QT interval, either congenital or
secondary to drugs or electrolyte imbalance; and
 nonidiopathic (secondary) pericarditis.
Study Variables and Protocol
In all patients we recorded the demographic and clinical
characteristics and also data on laboratory tests, 12-lead
ECG, and echocardiogram.
The admission 12-lead ECG was analyzed manually on a
2 magniﬁcation of the original recording. The following
parameters were measured in each recording: 1) deviation of
the PR segment from the isoelectric line expressed in mV;
2) ST-segment deviation as the upright (ST elevation) or
downward (ST depression) displacement of the J point from
the isoelectric line expressed in mV; 3) QRS complex
duration as the time elapsed from the beginning of the q
wave to the end of the S wave (J point); and 4) QT interval
duration as the time from the beginning of the q wave to the
end of the T wave at the point of interjection with the
isoelectric line (Figure 1).
The ECG tracings were coded for anonymity and
measurements were done blinded to the clinical data.
Thereafter, allocation of patients to either the pericarditis or
STEMI group was done according to the ﬁnal diagnosis at
hospital discharge.
Figure 1 (A) 12-lead electrocardiogram recorded in a patient with acute pericarditis. (B)
Magniﬁed recording of leads II and III showing comparable QRS complex duration. Arrows
indicate the beginning and the end of the QRS complex at the J point.
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Categorical variables were presented as frequencies, and
the differences between groups were assessed with the
chi-squared or Fisher’s exact test whenever necessary.
Continuous variables were expressed as mean  SD, and
differences were compared using the t-test. Two-sided
P <.05 was considered statistically signiﬁcant.
Univariate logistic regression analysis was used to assess
the predictive value of the ECG variables. Moreover, we
used a binary logistic regression analysis to identify
independent predictors on 3 models. In model A, we tested
the duration of the QRS complex and QT interval, in model
B, we considered the classic ECG criteria (PR deviation
and J point level in lead aVR and number of leads with
ST-segment elevation, ST-segment depression, and
PR-segment depression). In model C, all of the above
variables were included. We constructed a receiver
operating characteristic (ROC) curve for each model and
then the area under the dependent ROC curves were
compared using the DeLong method.12 Finally, we estab-
lished a cutoff value for each ECG variable in Model C with
a similar sensitivity and speciﬁcity. Statistical analysis was
performed with SPSS (version 20.0, SPSS Inc, Chicago, Ill).
The internal validity of the ﬁnal predictive model C was
assessed by the bootstrap re-sampling technique, using the
“rms” package by Harrell FE in the R Project for Statistical
Computing.RESULTS
Clinical Characteristics
As illustrated in Table 1, patients with acute pericarditis
were younger and had lower prevalence of coronary risk
factors than patients with STEMI. Moreover, patients with
pericarditis were admitted with a higher time delay from
the onset of symptoms and presented more frequently with
fever, pericardial friction rub, higher levels of C-reactive
protein, lower plasma myocardial biomarkers, and more
preserved left ventricular systolic function.
Among the 79 patients with pericarditis, there were
34 (46%) who presented with raised plasma levels of
troponin 4 times above the normal range (conventional
troponin T was measured in 42 patients and conventional
troponin I in 37) with a preserved left ventricular ejection
fraction (58.7  8.55%). Coronary angiography performed
in 23 of these patients showed no signiﬁcant atherosclerotic
lesions.
ECG Findings
Table 2 shows the distribution and magnitude of classical
ECG variables that are used in current clinical practice to
differentiate acute pericarditis and acute myocardial
ischemia. Patients in the pericarditis group showed: 1)
greater upright PR interval deviation and deeper
downward J point level in lead aVR; 2) higher number of
Table 1 Demographic and Clinical Characteristics of the 150 Patients Included in the Study
Acute Pericarditis (n ¼ 79) STEMI (n ¼ 71) P-Value
Cardiovascular risk factors
Age (years) 44.8  19.45 57.3  11.97 <.001
Male 64 (81%) 62 (87%) .29
Arterial hypertension 15 (19%) 29 (41%) .01
Diabetes Mellitus 7 (9%) 14 (20%) .07
Hyperlipidemia 12 (15%) 30 (42%) <.001
Smoking 42 (53%) 60 (85%) <.001
Clinical ﬁndings on admission
Onset of chest pain (hours) 36.2  62.71 4.2  7.23 <.001
Systolic blood pressure (mm Hg) 124  15.0 137  26.5 <.001
Diastolic blood pressure (mm Hg) 73  11.9 78  15.5 .06
Fever 28 (35%) 1 (1%) <.001
Pericardial friction rub 11 (14%) 0 (0%) .01
Cardiac murmur 4 (5%) 5 (7%) .74
Jugular venous distention 3 (4%) 1 (1%) .64
Laboratory ﬁndings
Hemoglobin (g/dL) 13.7  1.58 13.8  1.41 .59
Leukocyte count ( 109 cells/L) 10,424.5  3753.74 12,129.9  3997.02 .01
Sodium (mEq/L) 139.4  3.49 139.1  12.90 .84
Potassium (mEq/L) 4.1  0.44 4.0  0.65 .45
Urea (mmol/L) 5.8  2.29 6.0  1.89 .65
Creatinine (mg/dL) 0.92  0.310 0.91  0.238 .73
Glycemia (mg/dL) 110  36.0 142  52.7 <.001
CRP (mg/dL) 51.2  51.38 4.5  2.01 <.001
Creatine kinase (ug/L) 405  506.7 2229 1948.5 <.001
Raised troponin* (%) 34 (46%) 71 (100%) <.001
Echocardiographic ﬁndings
Ejection fraction (%) 61  8.3 517.8 <.001
Regional wall motion abnormalities (n, %) 12 (15%) 51 (75%) <.001
Pericardial effusion (n, %) 15 (19%) 2 (3%) .01
CRP ¼ C-reactive protein; STEMI¼ ST-segment elevation myocardial infarction.
*Raised troponin: 4 times the upper limit of normal.
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depression; and 3) lower number of leads with reciprocal
ST-segment depression than patients with STEMI.
Figure 1 illustrates a typical ECG recording
corresponding to a patient with acute pericarditis and
Figure 2 shows a typical admission ECG in a patient with
STEMI.
Table 3 summarizes the mean values of QRS complex
duration and QT interval length in leads with ST-segment
elevation in patients with acute pericarditis and STEMI. InTable 2 Classical ECG Changes Used in Current Clinical Practice to Diffe
Study Groups of Patients
Pericarditis (n
PR deviation in lead aVR (mV) 0.03  0.032
J point level in lead aVR (mV) 0.08  0.058
Leads with ST-segment elevation (n) 6.1  2.06
Leads with ST-segment depression (n) 2.1  1.53
Leads with PR-segment depression (n) 3.1  2.81
mV ¼ millivolts; STEMI ¼ ST-segment elevation myocardial infarction.contrast to pericarditis, patients with STEMI showed longer
QRS complex duration and shorter QT interval length in
ECG leads with ST-segment elevation than in leads with no
ST-segment deviation. Moreover, QT interval dispersion
among the 12-ECG leads also was greater in patients with
STEMI than in patients with acute pericarditis (69.8  20.86
ms vs 50.6  20.27 ms, P <.001). The changes in QRS
complex duration and QT dispersion in the 34 patients
with suspected myopericarditis were comparable with
the remaining 45 patients of the pericarditis group (QRSrentiate Acute Pericarditis and Acute Myocardial Ischemia in the 2
¼ 79) STEMI (n ¼ 71) P-Value
0.01  0.028 .005
0.02  0.080 <.001
4.8  1.88 <.001
3.9  2.22 <.001
1.5  1.57 <.001
Figure 2 (A) 12-lead electrocardiogram recorded in a patient with ST-segment elevation
myocardial infarction. (B) Magniﬁed recording of leads III and V6 showing differences in
the QRS complex duration (D). Arrows indicate the beginning and the end of the QRS
complex at the J point.
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dispersion: 52.2  19.28 vs 49.8  21.59, P ¼ .616).
As shown in Figure 3, logistic regression analysis for
model A (QRS complex duration and QT interval length)
depicted an area under the ROC curve of 0.807 (95%
conﬁdence interval [CI], 0.735-0.878; P <.001). The
area under the ROC curve for model B (classical ECG
criteria: PR deviation and J point level in lead aVR and
number of leads with ST-segment elevation, ST-segment
depression, and PR-segment depression) was 0.863
(95% CI, 0.807-0.919; P <.001). Moreover, when the
classical and the new ECG ﬁndings (QRS complex and
QT interval duration) are considered together in model C,Table 3 QRS Complex Duration and QT Interval Length in Patients w
Pericarditis (n ¼ 72)
Lead with Maximal
ST-Segment
Elevation
Mean Value of All
Leads with Isoelectric
ST Segment P-Valu
QRS (ms) 81.53  12.521 81.00  7.96 .69
QT (ms) 347.91  32.405 347.37  35.102 .83
ms ¼ milliseconds; STEMI ¼ ST-segment elevation myocardial infarction.the area under the ROC curve increases to 0.914 (95%
CI, 0.867-0.961; P <.001). The diagnostic yield of the
latter model was signiﬁcantly higher than model B
assessed by the chi-squared test of homogeneity
(P ¼ .012).
In model C, the cutoff values for the ECG variables that
support the diagnosis of pericarditis with a sensitivity of
85.9% and a speciﬁcity of 85.3% were: 70 ms for the QRS
duration in leads with maximal ST-segment elevation,
63 ms for QT dispersion, 0 mV for PR deviation in lead
aVR, 0.05 mV for the J point level in lead aVR,
7 leads with ST-segment elevation, 1 lead with
ST-segment depression, and 0 leads with PR-segmentith Acute Pericarditis and STEMI
STEMI (n ¼ 57)
e
Lead with Maximal
ST-Segment
Elevation
Mean Value of All
Leads with Isoelectric
ST Segment P-Value
85.96  13.609 81.31  10.42 .01
364.44  38.689 370.93  37.051 .04
Figure 3 Receiver operating curves (ROC) for the 3 study
models. The table shows values and conﬁdence intervals (CI)
for the area under the ROC curve of each model.
238 The American Journal of Medicine, Vol 127, No 3, March 2014depression (Table 4). The internal validation of this model
with bootstrap resampling showed a reduction of <10% in
the area under the ROC (from 0.914 before the test to
0.893), thus suggesting stability of the model.DISCUSSION
This study shows that acute transmural myocardial
ischemia, but not acute pericarditis, is associated with QRS
complex widening and QT interval shortening in leads with
ST-segment elevation.Changes in QRS Complex Duration
The mechanism by which transmural myocardial ischemia
prolongs the duration of the QRS complex was elucidated
experimentally in the in situ heart by recording simulta-
neously the transmembrane action potentials and theTable 4 Electrocardiographic Diagnosis of Pericarditis with 85.9% Se
OR
QRS duration in leads with ST-segment elevation 0.96
QT dispersion 0.95
PR deviation in lead aVR 1.06
J point level in lead aVR 0.84
Number of leads with ST-segment elevation 1.09
Number of leads with ST-segment depression 0.66
Number of leads with PR-segment depression 1.57
ms ¼ milliseconds; mV ¼ millivolts; STEMI ¼ ST-segment elevation myocardneighboring local extracellular electrograms in the ischemic
myocardial region.13 In this model, widening of the QRS
complex in local electrograms occurred when the ischemic
cells lose the resting membrane potential and the local
cellular activation is delayed. Likewise, the slowing of
transmural activation in the ischemic area is responsible for
QRS complex prolongation in the conventional ECG.10,14
The lack of QRS prolongation in patients with acute peri-
carditis is likely due to the fact that in this clinical condition,
the area of myocardial injury is restricted to the outer cardiac
layers and therefore, no inner transmural conduction delay
would be generated. We previously challenged this
hypothesis in a swine model of potassium-induced local
epicardial depolarization mimicking acute pericardial injury.
In this model we found that epicardial injury did not induce
widening of QRS complex in ECG leads with ST-segment
elevation, but transmural myocardial ischemia in the same
experimental preparation did induce prolongation of the
QRS complex in leads with ST-segment elevation.10
Changes in QT Interval Duration
Acute myocardial ischemia shortens the action potential
duration of the ischemic cells and delays local repolarization
inside the ischemic region.11 Changes in action potential
duration can be indirectly assessed on local extracellular
electrograms by measuring the activation recovery
intervals,15,16 but this approach is not applicable to the
conventional ECG leads. The length of the QT interval
measured in the conventional ECG leads is a whole marker
of the repolarization time of the myocardial region explored
by that particular ECG lead. Differences in QT interval
duration among the ECG leads (QT dispersion) have been
encountered in STEMI patients at high risk of arrhythmic
death.17,18 The ECG lead differences in QT interval duration
observed in our patients with STEMI is in agreement with
previous studies in which the QT interval was measured
sequentially during the ﬁrst 48 hours of STEMI.11 However,
the novelty of the present data lies in the fact that, contrarily
to STEMI, acute pericarditis was not associated with QT
interval dispersion. The lack of QT interval changes in our
patients with pericarditis would be predictable, as the
myocardial injury is circumscribed to the outer cardiac
layers and hence, the entire transmural repolarization pro-
cess might not be affected.nsitivity and 85.3 Speciﬁcity (Model C)
95% CI P-Value Cutoff Value
(0.93-0.99) .04 70 ms
(0.93-0.98) <.001 63 ms
(0.87-1.30) .57 0 mV
(0.78-0.92) <.001 0.05 mV
(0.81-1.46) .59 7 leads
(0.49-0.89) .01 1 lead
(1.18-2.08) <.001 0 leads
ial infarction.
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The present study provides new clues that may improve the
differential diagnostic yield of the ECG in patients with
acute pericarditis and acute STEMI.
When the changes in QRS complex duration and QT
interval dispersion were applied to our patients, the area
under the ROC curve attained a magnitude comparable to
that observed after application of classical ECG ﬁndings
(ie, deviation of the PR interval and J point level in lead
aVR; and extension of leads with ST-segment elevation,
ST-segment depression, and PR-segment depression).
However, when the present new ECG ﬁndings were added
to the classical criteria, the differential diagnostic yield of
the ECG increased signiﬁcantly, giving rise to an area under
the ROC curve of 0.914.
The objective of this study was not to compare the diag-
nostic yield of the clinical features with that of the ECG.
Instead, we attempted to improve the differential diagnosis of
pericarditis and STEMI based on objective ECG parameters.
Because the magnitude of the changes in QRS complex
and QT interval reported in this study may not be easily
appreciated in ECGs recorded at the conventional stan-
dardization, we used a 2 magniﬁcation of the original
recording. Automatic analysis of the QRS and QT interval
changes could be done by developing speciﬁc software, as
has been done in the assessment of microvoltage T wave
alternans.19 With further development of ECG criteria of
pericarditis, it might be possible to reduce the number of
patients unnecessarily referred to an emergent coronary
angiography and, in addition, to afford a more appropriate
medical treatment.20
Study Limitations
The nonrandomized design of this study does not permit a
deﬁnitive clinical validation of the new ECG criteria.
However, the bootstrapping internal validation showed
stability of our model. Moreover, our ﬁndings are in
accordance with previous observations in patients with
STEMI and in experimental models of pericarditis and acute
coronary artery occlusion.9,10,14
Although the ECGwas used to establish the ﬁnal diagnosis
at hospital discharge, the validity of our new ECG criteria
would not be affected because changes in the duration of QRS
complex and QT interval length are not considered in the
current diagnostic algorithms of STEMI and acute pericarditis.
CONCLUSIONS
Prolongation of the QRS complex duration and shortening
of the QT interval in leads with ST-segment elevation is
observed in patients with STEMI but not in patients with
acute pericarditis. These new ﬁndings may improve the
differential diagnostic yield of the ECG in acute pericarditis
and STEMI. The transmural extension of the injury inSTEMI but not in pericarditis is likely the underlying
mechanism of the observed different ECG features.References
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